Circulating leukocytes increase rapidly with exercise then quickly decrease when the exercise ends. We tested whether exercise acutely led to bidirectional interchange of leukocytes between the circulation and the lung, spleen, and active skeletal muscle. To accomplish this it was necessary to label a large number of immune cells (granulocytes, monocytes, and lymphocytes) in a way that resulted in minimal perturbation of cell function. Rats were injected intravenously with a single bolus of carboxyfluorescein diacetate succinamidyl ester (CFSE) dye which is rapidly and irreversibly taken up by circulating cells. The time course of the disappearance of labeled cells and their reappearance in the circulation following exercise was determined via flow cytometry. The majority of circulating leukocytes were labeled at 4 h. post-injection and this proportion slowly declined out to 120 h. At both 24 and 120 h, running resulted in an increase in the proportion of labeled leukocytes in the circulation. Analysis of the skeletal muscle, spleen and lung indicated that labeled leukocytes had accumulated in those tissues and were mobilized to the circulation in response to exercise. This indicates that there is an ongoing exchange of leukocytes between the circulation and tissues and that exercise can stimulate their redistribution. Exchange was slower with muscle than with spleen and lung, but in all cases, influenced by exercise. Exercise bouts redistribute leukocytes between the circulation and the lung, spleen and muscle. The modulatory effects of exercise on the immune system may be regulated in part by the systemic redistribution of immune cells.
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Introduction
In humans and rodents, circulating leukocytes (namely, neutrophils, lymphocytes, and monocytes) increase rapidly with brief exercise then quickly decrease when the exercise ends (Shephard, 2003) . Little is known about the dynamic, bidirectional interchange of immune cells between the circulating blood and accessible pools or compartments. Some leukocytes reside within the vascular space but adhere to the endothelium (Dimitrov et al., 2010) . The concept of leukocyte ''homing'' in which immune cells from one compartment can relocate to another in response to specific stresses has been observed with exercise (Kruger and Mooren, 2007) and relevant compartments include the lung (O'Dea et al., 2009; Schwab et al., 2003; van Teijlingen et al., 2003) and the spleen (Kamei and Carman, 2010) . In addition, there is a growing body of data from air pollution to surgery, that local triggers can influence systemic immune cell function (den Hartigh et al., 2010; Landis, 2009; Menzies et al., 2006; Thomas et al., 2002) . More recently, investigators have focused on exercising or injured muscle as a destination for circulating immune cells, and there is a growing appreciation for the potential role that immune cells play in muscle growth and repair related to exercise (Brigitte et al., 2010; Koh and Pizza, 2009; Tidball and Villalta, 2010) .
We hypothesized that exercise would lead to a bidirectional flow of leukocytes between the circulation and the lung, spleen, and muscle. Our hypothesis contrasts with the current understanding of leukocyte trafficking that accompanies other perturbations, for example, infection or frank sepsis in which profound activation of leukocytes and accompanying endothelial damage typically results in immune cell egress from the circulating pool, diapedesis, and, ultimately, apoptosis (Fielding et al., 2008; Guo et al., 2002; Pero et al., 2007; Razavi et al., 2004; Speyer et al., 2004) . While exercise leads to some degree of leukocyte activation, the bulk of evidence indicates that the degree of priming is substantially more subtle in exercise than occurs with trauma or sepsis (Pyne et al.,
